Muscarinic signaling pathway for calcium release and calcium-activated chloride current in smooth muscle.
We investigated the muscarinic activation of Ca(2+)-activated Cl- currents [ICl(Ca)] in voltage-clamped equine tracheal myocytes. The threshold of cytosolic free Ca2+ concentration ([Ca2+]i) required for activation of ICl(Ca) was 202 +/- 22 nM, and full activation of the current occurred at 771 +/- 31 nM. Hexahydro-sila-difenidol (M3 antagonist) inhibited the methacholine-induced phasic [Ca2+]i increase and ICl(Ca) in a concentration-dependent manner, whereas methoctramine (M2 antagonist) only slightly attenuated the [Ca2+]i increase and ICl(Ca) (14.8 and 21.4%, respectively), consistent with incomplete selectivity. Dialysis of heparin (10 mg/ml) blocked methacholine-induced [Ca2+]i and ICl(Ca) but had no effect on the caffeine-induced Ca2+ release or ICl(Ca); inositol 1,4,5-trisphosphate (100 microM) induced ICl(Ca) and blocked the methacholine current. Conversely, ruthenium red (50 microM) prevented the caffeine-induced [Ca2+]i release and ICl(Ca) but had no effect on methacholine-induced [Ca2+]i or current. Intracellular dialysis of the calmodulin antagonist N-(6-aminohexyl)-1-naphthalenesulfonamide (W-7, 500 microM) or the Ca2+/calmodulin-dependent protein kinase inhibitor KN93 (5 microM) had no effect on the [Ca2+]i increase or ICl(Ca). Pertussis toxin (0.5 mg/ml) did not affect the increase in [Ca2+]i or ICl(Ca). Dialysis with antibodies directed against the alpha-subunit of Gq/G11 (Gq alpha/ G alpha 11) blocked the methacholine-induced ICl(Ca) in a concentration-dependent manner, whereas anti-G alpha i-1/G alpha 1-2 antibodies (1:35) and anti-G alpha i-3/G(o) alpha antibodies (1:35) were without effect. The results indicate that stimulation of phospholipase C via M3/Gq proteins is the predominant signaling pathway for the activation of ICl(Ca); at high agonist concentrations, Ca(2+)-induced Ca2+ release does not appear to play a prominent role in muscarinic signaling.